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DETAILED ACTION 
Priority 

1 . Receipt is acknowledged of papers submitted under 35 U.S.C. 1 19(a)-(d), which 
papers have been placed of record in the file. 



Claim Rejections - 35 USC § 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

3. Claims 4 and 8 are rejected under 35 U.S.C. 102(b) as being anticipated by 
PEDERSEN (US 6,095,101). PEDERSEN discloses a diesel type internal combustion 
engine comprising of an insulated tanl^ (1 1) where liquid gas, such as propane, is 
provisionally stored at a temperature of approximately -42°C. As described in Column 
8, Lines 28-43, when the fuel is used it passes through a suction pipe (12) and onto a 
cohripressor (13), which compresses the gas to a supply pressure typically of 400 bar in 
a common rail system. As further disclosed in the 2"^ paragraph of Column 1 1, the 
liquid gas also may be heated by unit 51 to prevent the formation of ice inside the 
mantles (47). 



4. Claims 4 and 8-9 are rejected under 35 U.S.C. 102(b) as being anticipated by 
KOBAYASHI et a! (US 5,403,167). KOBAYASHI et a! discloses a liquefied hydrogen 



Application/Control Number: 10/535,693 Page 3 

Art Unit: 3747 

pump (41) for a gas ignited engine (19) including a liquefied hydrogen fuel tank (1) and 
a heat exchanger (16). As noted in column 2, Line 53, "the hydrogen gas having a 
pressure of approximately 10 MPa [or 100 bar] is injected into the combustion chamber 
of the hydrogen ignited engine." 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not Identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

7. Claims 4 and 10 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
PEDERSEN (US 6.095,101) in view of IVIcFEE (US 4,333,424). 

8. McFEE discloses an internal combustion engine comprising of an air compressor 
(10), a heat exchanger (1 1 ), a fuel injector (15), and an expander having a cylinder (13) 
and a piston (14). McFEE further discloses in the 2"^ paragraph of Column 5 that: 
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"unlike a diesel, the air into which the fuel is sprayed is so hot (i.e. roughly 
1200^K) that the fuel ignites and burns almost instantly, as in a furnace. The air 
in the expander is so hot that gaseous fuels having high ignition temperatures, 
such as methane and propane, can also be injected, rather than being mixed 
with air prior to intake as in the "dual fuel" compression-ignition engine." 

However, McFEE is silent regarding the source of fuel supplied to the fuel injector. 

9. PEDERSEN discloses a diesel type internal combustion engine comprising of an 
insulated tank (1 1) where liquid gas, such as propane, is provisionally stored at a 
temperature of approximately -42°C. As described in Column 8, Lines 28-43, when the 
fuel is used it passes through a suction pipe (12) and onto a compressor (13), which 
compresses the gas to a supply pressure typically of 400 bar in a common rail system. 

10. Thus it would have been obvious to a person having ordinary skill in the art at the 
time the invention was made to have provided the engine of McFEE with the fuel supply 
method utilizing volatile organic compounds evaporated from crude oil tanks, in light of 
the teachings of PEDERSON, in order to provide an engine that reduces .the amount of 
pollution reduced into the atmosphere and further is capable of utilizing liquid gas 
produced from Volatile Organic Compounds evaporated from crude oil. 

11. Claims 5 and 7 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
KOBAYASHI et al (US 5.403,167) in view of WELCH et al (US 6,575,138). 

12. KOBAYASHI et al (US 5,403,167). KOBAYASHI et al discloses a liquefied 
hydrogen pump (41) for a gas ignited engine (19) including a liquefied hydrogen fuel 
tank (1) and a heat exchanger (16). Additionally, Figure 6 discloses the use of an 
injection valve (25) with a plunger (25A). valve spring (25B) and valve body (25C) 
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connected to an injection pump (26)and reservoir (29) via tubes (27, 28). However, 
KOBAYASHI et al does not disclose introducing the hydrogen fuel into the combustion 
chamber at pressures between 200 and 300 bar. 

13. WELCH et al discloses a directly actuated injection valve for direct injection of 

gaseous fuel into the combustion chamber of an internal combustion engine comprising 

of an injection valve actuated by a solid magnetostrictive member (130). WELCH et al 

notes in the Background of the Invention: 

"with direct injection late in the compression stroke, a high-compression ratio can 
be maintained, maintaining efficiency. Further when the fuel that Is directly 
injected comprises natural gas, propane, or hydrogen, the emissions of NOx and 
particulate matter (PM) are significantly reduced." 



Additionally as noted in Column 7, Line 15: 

"An advantage of the present injection valve is that it may be employed for late- 
cycle high pressure direct injection of fuels into internal combustion engines. For 
example, the present injection valve may be used to inject a gaseous fuel into the 
combustion chamber of an internal combustion engine at pressures of between 
about 2000 and 5000 psi (about 13.8 and 34.5 Mpa). The present injection valve 
may be employed to introduce liquid fuels into internal combustion engines at 
even higher pressures." 

Moreover, in reference to the use of hydraulic actuators of prior art, WELCH et al states 
in Column 7, Line 53: 

"A disadvantage of active hydraulic actuators of this type is a lag time associated 
with moving the hydraulic fluid into and out of the hydraulic cylinder." 

14. Thus It would have been obvious to a person having ordinary skill in the art at the 

time the invention was made to have provided hydrogen engine and pump of 

KOBAYASHI et al with a directly actuated injection valve, in light of the teachings of 

WELCH et al, in order eliminate the lag time associated with hydraulic actuators and 
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additionally enable late-cycle high-pressure direct injection for greater efficiency and 
reduced emissions. Please note that the cited pressure range of 2000 psi and 5000 psi 
is approximately 137.9 bar and 344.7 bar, respectively. 

15. Claims 6 and 1 1 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
PEDERSEN (US 6,095,101) in view of STONE (US 6,557,535). 

16. PEDERSEN discloses a diesel type internal combustion engine comprising of an 
insulated tank (11). a suction pipe (12), a compressor (13), and heater unit (31) for 
compressing and heating a liquid gas prior to being introduced into the engine. 
However PEDERSEN is silent as to how unit (51) heats up the liquid gas. 

1 7. ^ STONE discloses a system and method for transferring heat from exhaust 
gasses to compressed gas fuel comprising of internal combustion engines (570, 580) 
connected to exhaust surfaces (550) for transferring heat to compressed gas fuel. 

18. Thus it would have been obvious to a person having ordinary skill in the art at the 
time the invention was made to have provided the heater unit of PEDERSEN with an 
exhaust heat surface arrangement, in light of the teachings of STONE, in order to assist 
vaporization of liquefied compressed gas fuel without the use of a liquid medium (e.g. 
coolant) which requires a significant amount of time to reach operating temperature. 

Conclusion 

19. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure is listed in the attached PTO-892. 
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20. Any inquiry concerning this communication or earlier communications from tJie 
examiner should be directed to Ka Chun Leung whose telephone number is (571) 272- 
9963. The examiner can nomially be reached on 7:30AM - 4:30PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Stephen Cronin can be reached on (571) 272-4536. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Ka Chun Leung 
Examiner 
Art Unit 3747 




